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Physical rehabilitation therapy is rapidly becoming an integral component in the 
treatment of a variety of neurologic and orthopedic conditions in veterinary patients. However, to 
date there are no perceived exertion scales (PES) available for monitoring dogs or for developing 
exercise protocols. The purpose of this study was to develop a perceived exertion scale for dogs 
walking/running on a land treadmill using the following physiologic parameters: heart rate, 
respiratory rate, rectal temperature, blood lactate and glucose concentrations, and regional tissue 
oximetry. We hypothesized that the measured physiologic parameters would correlate with the 
perceived exertion of the dogs exercising on a land treadmill and that there would be no difference 
between intra- and inter-observer perceived exertion of dogs while walking/running on a land 
treadmill. An additional aim was to compare heart rate obtained from a Holter monitor to those 
obtained manually and using a mobile ECG monitor. 
Fifteen healthy client-owned dogs were enrolled in this prospective clinical trial. Each 
dog participated in two 55-minute exercise trials separated by a one-week recovery period. An 
initial complete blood count, biochemical panel, urinalysis, total T4, and venous blood gas 
(including lactate) were performed prior to beginning each trial. Subsequent venous blood gases 
were obtained after 20 minutes of exercise, immediately after completion of exercise, and after a 
20-minute recovery period. Additional physiologic parameters recorded included heart rate, 
rectal temperature, respiratory rate, and regional tissue oximetry. The perceived exertion was 
recorded during each trial at 2 minute intervals by a Certified Veterinary Technician, who is also 
a Certified Canine Rehabilitation Practitioner. Additional perceived exertion scores were 





veterinary student to determine inter-observer variation. The results of the first trial were also 
compared to the second trial to evaluate for repeatability.  
Thirteen of 15 dogs completed both trials. Spearman correlations for both trials were 
positive between Holter heart rate and KardiaMobile heart rate (r = 0.7, p <0.0001), manual heart 
rate (r = 0.64, p <0.0001),), respiratory rate (r = 0.27, p = 0.019), and temperature (r = 0.29, p = 
0.014). Holter heart rate was positively correlated with PES scores from all observers for both 
trials (p <0.001 for all). The mean PES score recorded by each observer was 2 out of 4 for both 
trials.  
To test the assumption that physiological measurements changed with PES score, each 
dog’s time 0 value was subtracted from subsequent values for that dog and least trimmed squares 
regression was then used to remove outliers. Outlier-free linear regression estimates were then 
obtained as follows. For Trial 1 glucose (g/dL) = -2.581 – 2.112 PES (R2 = 0.179, F(1,45) = 9.787, 
P=0.003). That is, glucose decreased 2.112 g/dL for each incremental increase on the PES. For 
Trial 2 cutaneous oximetry, rSO2 (%) = 79.118 – 0.924 PES (R
2 = 0.059, F(1,171) = 10.639, 
P=0.001). In Trial 2, baseline-adjusted rSO2 decreased 0.924 percent for each incremental 
increase on the PES. For Trial 2 respiratory rate (breaths/min), RR=20.640 + 32.600 PES (R2 = 
0.114, F(1,48)=6.205, P=0.016). Adjusted respiratory rate increased by 32.6 breaths/min for each 
incremental increase on the PES. The relationship of PES and temperature (F) in Trial 2 was 
F= 0.153 + 0.273 PES (R2 = 0.215, (F(1,45) = 12.305, P=0.001). The adjusted temperature 
increased by 0.273F for each incremental increase on the PES. 
For all possible pairwise comparisons of PES scores for both trials combined, the 





analyses, most tests between STUDENT and another observer were significant. The overlap of 
distributions for pairs of PES groups ranged from 92.3% for DVM2 versus TECH down to 
64.2% for DVM1 versus STUDENT. 
No significant differences were noted between Holter, KardiaMobile, and manual heart 
rates in either trial. The distributions of approximate medians for KardiaMobile and manual heart 
rates were 96 bpm, and Holter heart rate was 106 bpm with an OVL of 76%. In both trials, the 
means of the logarithms of heart rates for manual differed from KardiaMobile and Holter. 
The results of this study demonstrate consistent and repeatable use of a PES for 
monitoring dogs exercising on a land treadmill. Correlations were consistent between the PES 
and expected changes in the measured physiologic parameters. The proposed scale may be useful 
when incorporated as part of the overall monitoring system for canine patients undergoing 
physical rehabilitation therapy; however, it must be further validated before clinical application. 
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Physical rehabilitation therapy is rapidly becoming an integral component in the 
treatment of a variety of neurologic and orthopedic conditions in veterinary patients. Physical 
rehabilitation involves the combination of a number of techniques including manual therapy, 
physical modalities, therapeutic exercise, and aquatic therapy to reduce pain and improve joint 
mobility, range of motion, and muscle tone. Therapeutic exercise focuses on proprioception, 
balancing, endurance, muscle strengthening, and gait retraining. One of the more commonly 
utilized methods of therapeutic exercise involves the use of land and aquatic treadmills. The use 
of treadmills provides a relatively easy system for performing and evaluating exercise in 
veterinary patients. Numerous studies have been performed evaluating the physiological effects 
of exercise on the body in humans, horses, and dogs. (Fazio et al. 2003; McGowan and Hampson 
2007; Millard 2014; Gillette and Dale 2014; Perrino et al. 2011; Timothy I. Musch et al. 1985; 
McClelland et al. 1995; Piccione et al. 2012; Rathore et al. 2011; Mukai et al. 2010; Tipton and 
Wolfe 1998; Escribano et al. 2013; Miura et al. 1994; Radin et al. 2015; Poole and Erickson 
2011; Faude, Kindermann, and Meyer 2012; Steiss et al. 2004; Srđan et al. 2013; Conconi et al. 
1996; Grazzi et al. 2005; Ferasin and Marcora 2009; Pasławska et al. 2012; Treiber et al. 2010; 
Crook, Wilson, and Hodson-Tole 2010; Scott et al. 2010; McCauley et al. 2013; T. I. Musch et 
al. 1987; Bartolomé et al. 2013; Ramseyer et al. 2010; Rathore et al. 2010; McCutcheon and 
Geor 2010) It has been well documented that heart rate, respiratory rate, rectal temperature, 
oxygen uptake (VO2), blood lactate concentration, red blood cell (RBC) concentration, and 
hematocrit (HCT) all generally increase with increasing intensity of exercise, while glucose 





2007; Gillette and Dale 2014; Millard 2014; McGowan and Hampson 2007; Monk 2007; 
Bartolomé et al. 2013; Mukai et al. 2010; Munsters et al. 2014; Steiss et al. 2004; Faude, 
Kindermann, and Meyer 2012; Poole and Erickson 2011; Tipton and Wolfe 1998; Rathore et al. 
2011; Perrino et al. 2011) All of these physiological values are relatively easily evaluated in dogs 
with the exception of VO2.  
In measuring the above physiological parameters in humans, a number of perceived 
exertion scales have been developed for use during various exercises.(Utter et al. 2002, 2004) 
However, to our knowledge, no such exertion scales have been developed for use in veterinary 
medicine, specifically in dogs. The purpose of this study was to develop a perceived exertion 
scale in dogs walking/running on a land treadmill using the following physiological parameters: 
heart rate, respiratory rate, rectal temperature, blood lactate and glucose concentrations, oxygen 
uptake (VO2), and regional tissue oximetry. We hypothesized that the ranges of measured 
physiologic parameters would have a linear relationship with increasing exercise and would 
correlate with the perceived exertion scale that we developed for healthy dogs exercising on a 
land treadmill. We also hypothesized that there would be no significant differences between 
various modalities for measuring heart rate, and that there would be no difference between intra- 













2.1 Exercise Physiology 
Exercise physiology involves the physiological responses of the body to exercise, and a 
thorough understanding of exercise physiology is germane to the practice of physical 
rehabilitation therapy. A variety of musculoskeletal and neurological injuries are treated with 
physical rehabilitation therapy, and having the ability to recognize the potential limitations of the 
injured body and its responses to those injuries allows for the development of a meaningful and 
comprehensive rehabilitation exercise regimen. 
The cardiorespiratory system plays a key role in the maintenance of homeostasis during 
exercise. In conjunction with the respiratory system, the cardiovascular system serves as a 
conduit for moving blood to the pulmonary and peripheral tissues in order to deliver oxygen and 
hematologic cellular components and to remove carbon dioxide and metabolic waste products 
from the periphery, while also serving a function in the maintenance of thermoregulation.  
In order to meet the increased energy demands of peripheral tissues during exercise, an 
increase in cardiac output is required. Cardiac output is determined by the product of heart rate 
and stroke volume, which is the amount of blood pumped through the left ventricle of the heart 
and into the peripheral circulation for each cardiac contraction. The cardiovascular system is 
under the control of the autonomic nervous system, and during exercise the sympathetic nervous 
system is activated, while the parasympathetic nervous system is inhibited. Under normal 
physiological conditions, catecholamines, epinephrine and norepinephrine, are released into the 
circulation during activation of the sympathetic nervous system, which act on β-adrenergic and 





binding to β1-adrenergic receptors in the heart causing enhancement of the contractility of the 
heart and an increased heart rate, as well as to increase limb perfusion via binding to β2-
adrenergic receptors in the periphery causing vasodilation of the peripheral arterioles. While 
norephinepherine binds to both β-adrenergic and α-adrenergic receptors, also resulting in an 
increase in heart rate and blood pressure, there is a decrease in limb perfusion due to an increase 
in vascular resistance from arteriolar constriction. During exercise, the sympathetic stimulation 
of the heart, and peripheral effects of β-adrenergic vasodilation typically offsets the 
vasoconstriction caused by α-adrenergic binding, resulting in an overall increase in limb 
perfusion. (Opie 2004) The sympathetic stimulation of the myocardium promotes the production 
of cyclic adenosine monophosphate (cAMP) from adenosine triphosphate (ATP). This results in 
more forceful cardiac contractions as well as an increase in heart rate due to enhancement of the 
sinus node. The result is an increase in cardiac output and greater perfusion to the exercising 
tissues. In contrast, parasympathetic stimulation has the opposite effect resulting in decreased 
force of contractility and rate of cardiac contraction. (Opie 2004)  
The amount of blood coming into the heart (preload) increases through several 
mechanisms including increased peripheral venous tone, contraction of the skeletal muscle 
causing the venous blood to be squeezed out of the tissues, pumping of blood from the abdomen 
into the thorax via the respiratory system, and an increase in cardiac output. The increase in 
preload results in a larger volume present within the ventricles, further leading to stronger 
cardiac contractions and an increased stroke volume. The increase in cardiac output must be 
balanced with an increased return to the heart in order to maintain the overall fluid balance. 
(Millard 2014; Opie 2004) During exercise the most important factor affecting cardiac output is 





volume. Heart rate increases due to parasympathetic inhibition followed by β-adrenergic 
stimulation. (Opie 2004) 
As much as 90% of the cardiac output goes to working skeletal muscle, while blood flow 
to non-exercising organs is decreased through stimulation of the arteriolar α-adrenergic receptors 
by epinephrine in these organs, lack of vasodilatory metabolites in the non-muscular splanchnic 
organs, and continued vasoconstriction of these organs due to norepinephrine. (Opie 2004) In 
addition to increased systemic circulation, the oxygen and energy requirements of the coronary 
circulation also increase during exercise. (Opie 2004) The increase in blood flow to skeletal 
muscle is believed to initially be due to decreased oxygen concentrations in the contracting 
muscle, resulting in significant opening of the capillaries within the muscle despite an increased 
systolic blood pressure. (Shen et al. 2000) However, there is no overall significant increase in 
systemic blood pressure due to a concurrent decrease in diastolic blood pressure, which 
counteracts the increase in systolic blood pressure. (Opie 2004) Vasodilation of the skeletal 
musculature vessels allows for increased oxygen delivery to the tissues to facilitate the 
maintenance of aerobic metabolism. When oxygen delivery cannot keep up with tissue oxygen 
demands a transition from aerobic metabolism to anaerobic metabolism occurs. 
In addition to increased cardiac output, changes in peripheral vascular resistance (PVR) 
are also important for maintaining blood flow and oxygenation to the exercising muscles, which 
is the resistance against which the heart must work. This is determined by the vasodilators and 
vasoconstrictors of the sympathetic and parasympathetic nervous systems acting on the 
peripheral microcirculation, which is comprised of capillaries and arterioles. (Opie 2004) The 
microcirculation allows for the diffusion of gases, oxygen (O2) and carbon dioxide (CO2), and 





resistance is low during exercise due to vasodilation of arterioles, which allows more oxygen to 
reach exercising tissues due to increased capillary flow. As previously stated, during sympathetic 
stimulation, the vasodilatory effects of the B2-receptors dominate over the vasoconstricting 
effects of the α1-receptors in the periphery. During parasympathetic stimulation, vasodilation 
occurs through the action of nitric oxide produced by the vascular endothelium. Additional local 
vasodilation occurs due to the actions of adenosine, which is also produced by the vascular 
endothelium.(Opie 2004) 
In addition to regulating the peripheral vascular resistance, the microcirculation also 
plays a key role in energy production during exercise. Adenosine triphosphate is the fundamental 
form of energy produced and utilized by all cells throughout the body, and is necessary for 
muscle contraction to occur. ATP can be generated under both aerobic and anaerobic conditions. 
During aerobic metabolism, oxygen diffuses through the capillaries of the microcirculation into 
the cells where it serves as a catalyst to produce adenosine triphosphate (ATP), CO2 and water 
from pyruvate derived from fuel sources such as glucose, glycogen and fatty acids. (Opie 2004; 
Wakshlag, Zink, and Van Dyke 2013) The main source of glucose is found within the blood, 
while glycogen stores are mainly found within liver and muscles. Fatty acids are derived from 
the breakdown of triglycerides, which are stored in large amounts within muscle and throughout 
the body. (McGowan and Hampson 2007)  
Oxygen is required for adenosine diphosphate (ADP) to be phosphorylated to ATP via 
oxidative phosphorylation within the mitochondria under aerobic conditions. Glycogen and 
glucose undergo glycolysis to produce pyruvate within the cytoplasm. Pyruvate then enters the 
mitochondria where it is covalently bound to acetate and CoA moieties to form acetyl coenzyme 





(McGowan and Hampson 2007; Wakshlag, Zink, and Van Dyke 2013) Fatty acids can also be 
used as a substrate for acetyl CoA production through the process of beta-oxidation within the 
mitochondria, which subsequently enters the citric acid cycle. The net production of the citric 
acid cycle is ATP and hydrogenated nicotinamide adenine dinucleotide (NADH) and 
dehydrogenated flavin adenine dinucleotide (FADH2), which are coenzymes that enter the 
electron transport chain to produce ATP. (Wakshlag, Zink, and Van Dyke 2013; McGowan and 
Hampson 2007) The net amount of ATP produced from utilizing glucose as an energy source is 
38 molecules, which the amount of ATP yielded from fatty acids is significantly higher due to 
the large number of carbon molecules in fatty acids. (McGowan and Hampson 2007; Wakshlag, 
Zink, and Van Dyke 2013) Under anaerobic conditions, glycolysis of glycogen or glucose still 
occurs to produce pyruvate, however the pyruvate stays within the cytoplasm where it is 
converted into lactate. Production of ATP is greatly reduced with anaerobic glycolysis, as it is 
significantly less efficient than aerobic glycolysis.  
 It is important to note that during exercise, both aerobic and anaerobic energy production 
are occurring concurrently in order to maximize utilization of the available energy sources. The 
partitioning of energy sources during exercise into aerobic and anaerobic pathways is largely 
dependent on the species and type of exercise being performed. During low to moderate-intensity 
exercise, aerobic metabolism typically predominates, while anaerobic metabolism usually 
dominates at the initiation of exercise and at high intensity exercise due to low oxygen levels and 
increased ATP requirement above the aerobic production capacity, respectively. (McGowan and 
Hampson 2007) 
The respiratory system plays an important role in providing oxygen to the blood and 





Changes to the respiratory system during exercise include: decreased airway resistance, 
increased diffusing capacity of O2 and CO2 through the capillary-alveolar membrane, increased 
blood flow through the pulmonary capillaries leading to decreased pulmonary capillary transit 
time, increased ventilation and tidal volume, increased hemoglobin resulting in increased oxygen 
carrying capacity, and decreased pulmonary vascular resistance. (McGowan and Hampson 2007; 
West 2005c) A decrease in upper respiratory tract resistance occurs through dilation of the 
nostrils, and is further decreased in certain species, such as dogs, through a transition to open 
mouth breathing, while lower respiratory tract resistance is reduced through sympathetic 
stimulation of the β2 receptors in the bronchial smooth muscle resulting in bronchial dilation. 
(Costanzo 2006) The increase in diffusing capacity is determined by Fick’s Law of Diffusion, 
which is the rate at which a gas crosses through a sheet of tissues. That rate is proportional to the 
difference between the partial pressure of the gas between the two sides of the tissue, and the 
tissue surface area, but inversely proportional to tissue thickness. Rate of diffusion is also 
proportional to the solubility of the gas within the tissue, and inversely proportional to the square 
root of the molecular weight. (West 2005b; Costanzo 2006)  
An increase in hematocrit occurs during exercise in some species, such as horses and 
dogs, due to splenic contraction, which results in an increase in hemoglobin concentration and 
thus oxygen carrying capacity. (McGowan and Hampson 2007) Oxygen readily and reversibly 
combines with hemoglobin in blood, and the percent saturation of hemoglobin with oxygen is 
dependent on the partial pressure of oxygen (PO2) within the blood. This relationship between 
oxygen and hemoglobin is illustrated by the oxygen-hemoglobin dissociation curve (Figure 1). 
(Costanzo 2006; Langley and Cunningham 2017) The oxygen-hemoglobin dissociation curve is 





This means that within the arterial blood the PO2 value is 100 mmHg and oxygen affinity is at its 
highest. This leads to oxygen being loaded onto hemoglobin within the pulmonary vasculature 
resulting in almost 100% hemoglobin saturation. In contrast, mixed venous blood has the lowest 
PO2 values around 40 mmHg, and the affinity for oxygen is lower, resulting in a propensity for 
oxygen to be unloaded into the tissues and approximately 75% hemoglobin saturation. (Costanzo 
2006) During exercise, the oxygen-hemoglobin dissociation curve is shifted to the right due to an 
increase in CO2 and H
+ concentrations within tissues, both of which result in a decreased pH, as 
well as an increase in temperature due to heat produced in the working muscle. This right-shift 
leads to a decreased affinity of hemoglobin for oxygen, which facilitates off-loading of oxygen 
into the tissues. (Costanzo 2006)  
The ventilation perfusion ratio (V/Q) is the ratio of alveolar ventilation to pulmonary 
blood flow, which is important for efficient gas exchange. Under normal conditions, where 
cardiac output, rate of breathing, and tidal volume are normal, V/Q is approximately 0.8 to 0.9 
due to ventilation of dead space. (McDonell and Kerr 2007) Dead space within the airways is 
composed of both anatomic and physiologic dead space. Anatomic dead space is the volume of 
air within the large conducting airways that contain no alveoli for gas exchange. While 
physiologic dead space is comprised of the anatomical dead space as well as functional dead 
space. The functional dead space is the area of the alveoli that are ventilated, but not perfused, 
which results in no gas exchange occurring in these areas of the lungs. (Costanzo 2006; West 
2005a) In the normal individual the anatomic dead space and physiologic dead space are nearly 
equal, however in certain pathologic conditions physiologic dead space can increase dramatically 
due to a mismatch between ventilated and perfused alveoli. (Costanzo 2006) Normal V/Q results 





carbon dioxide (PaCO2) of 40 mmHg. Changes in either ventilation or pulmonary perfusion 
results in decreased efficiency in gas exchange and changes in PaO and PaCO2. (Costanzo 2006). 
Ventilation-perfusion inequality decreases during moderate exercise due to a decrease in 
pulmonary vascular resistance, and the right shift in the oxygen dissociation curve. (West 2005c) 
The decrease in pulmonary vascular resistance during exercise is due to the cardiac output 
increasing by approximately one fourth of the increase in ventilation. This increases pulmonary 
vascular pressures resulting in recruitment of additional pulmonary capillaries, decreasing the 
physiological dead space, and development of a more even pulmonary blood flow distribution. 
(West 2005c; Costanzo 2006)  
An increase in ventilation, which is the physical movement of air into and out of the 
lungs, is required during exercise to keep up with the metabolic and oxygen needs of the body. 
(Millard 2014) Control of ventilation and pulmonary gas exchange must be precise in order to 
maintain PO2, PCO2, and the acid-base balance during exercise, and as a result the respiratory 
rate tends to increase during exercise. (Millard 2014)  Moderate exercise has little overall effect 
on PO2, PCO2, and pH, while extremely high exercise intensity leads to increased lactate 
production in skeletal muscle causing a decrease in pH. (West 2005c; Costanzo 2006) During 
exercise the venous levels of CO2 increase due to increased production of CO2 by skeletal 
muscle; however as previously stated, arterial CO2 levels are maintained by removing the excess 
CO2 from the venous system through an increase in the rate of ventilation, which makes 
respiratory rate an ideal parameter to monitor during progressive incremental exercise. (Costanzo 
2006)  
The respiratory system also plays a key role in thermoregulation. A measurable increase 





increased metabolic activity. Due to their limited ability to sweat, dogs utilize evaporation 
through panting as their main method for heat loss. The respiratory system, tongue, and oral 
mucosa all receive increased blood flow during exercise, and salivary and respiratory secretions 
are also increased resulting in efficient heat exchange through the respiratory tract during 
exercise. (Millard 2014)  
 
2.2 Measurement of exercise intensity 
Total body oxygen consumption (VO2) has been previously measured during incremental 
exercise in multiple species, including dogs, horses, and humans, and has reliably been shown to 
increase in a linear fashion until it plateaus at the maximal oxygen uptake (VO2max), which is 
the transition from aerobic to anaerobic glycolysis. (McGowan and Hampson 2007; West 2005c) 
Measurement of VO2max, a product of cardiac output and systemic oxygen extraction is the gold 
standard for evaluating exercise intensity, as it represents the maximal aerobic metabolic rate and 
high intensity exercise. (Utter et al. 2004, 2002; Millard 2014; McGowan and Hampson 2007) 
However, because VO2max represents only the upper limit of aerobic activity, and does not 
account for the contribution of anaerobic energy production, it does not completely reflect 
maximal energy expenditure, as any additional energy requirements beyond VO2max are 
provided through anaerobic metabolism. (McGowan and Hampson 2007) As previously 
discussed, anaerobic metabolism typically predominates at the onset of exercise, and animals that 
are able to rapidly utilize oxygen for energy production, such as horses, have the advantage of 
aerobic metabolism taking over more quickly, preventing excessive lactic acid accumulation 
from occurring at the onset of intense exercise, which delays the onset of fatigue. (McGowan and 





Determination of VO2max is performed by measuring the oxygen and carbon dioxide 
concentrations in expired gas. In humans and horses, this is achieved by placing a respiratory 
mask over the mouth and nose to capture the expired gases. (McGowan and Hampson 2007; 
Mukai et al. 2010) To our knowledge, respiratory masks that can capture similar data in 
exercising dogs in an unobtrusive manner are not available. Total body O2 consumption (VO2) 
can be calculated as the product of cardiac output and arteriovenous O2 difference, which is 
normalized for total body weight (ml/kg/min). (Timothy I. Musch et al. 1985) Tissue oxygen 
saturation (StO2) during exercise has also been shown to be negatively correlated with peak 
oxygen uptake (VO2peak). (Kime et al. 2016) Near-infrared spectroscopy (NIRS) has the ability 
to quantitatively monitor tissue StO2 in a non-invasive, continuous, and reproducible manner 
through the use of a cutaneous adhesive probe. (Hall et al. 2008) Near-infrared spectroscopy 
works by measuring oxygenated, deoxygenated, and total hemoglobin concentrations in the 
blood using near-infrared light with wavelengths of approximately 700-1000 nanometers. Near-
infrared spectroscopy sensors work by emitting light from an emitter, which enters the tissues 
and is either reflected, scattered, or absorbed by various tissue components.(Scheeren, Schober, 
and Schwarte 2012) The components that absorb light, or chromophores, such as myoglobin, 
melanin, and hemoglobin have different absorption patterns. In the case of hemoglobin, its 
absorption pattern differs based on the amount of oxygen bound to its surface. The fraction of 
light that returns to the tissue surface is then collected by one or more detectors, allowing for the 
determination of tissue oxygen saturation. While most NIRS sensors utilize one emitter and one 
or two detectors, the NONIN® SenSmart™ system is a dual emitter/dual detector regional 
oximetry sensor. This design allows for more accurate signals, as it decreases interference from 





most consistent tissue oxygen saturation readings were obtained from the sartorius muscle, 
which makes it ideal for use in clinical trials measuring tissue oxygen saturation. (Hall et al. 
2008) 
Heart rate is also a good indicator of VO2, while maximal heart rate (HRmax) is directly 
proportional to VO2max. (McGowan and Hampson 2007) Determination of exercise intensity 
using heart rate is best expressed as a percentage of HRmax, especially since the maximal heart 
rate varies significantly between species and dog breeds. (McGowan and Hampson 2007) Heart 
rate is generally assessed using a continuous ECG measurement, though a number of studies 
have evaluated various cardiovascular parameters in exercising dogs using a Polar® System 
(Polar RS800CX), and as a result have validated its use in dogs during exercise.  These 
parameters include heart rate, heart rate variability, and the heart rate deflection point. (Radin et 
al. 2015; Jonckheer-Sheehy, Vinke, and Ortolani 2012; Essner et al. 2013) Holter monitors, 
which are portable electrocardiogram devices, have also been employed in both human and 
veterinary medicine to continuously evaluate heart rate and rhythm in a non-invasive manner in 
both healthy individuals and those with cardiac disease. (Hingorani et al. 2016; Rasmussen et al. 
2011) While Holters have been utilized in human medicine to evaluate the cardiac effects on 
exercise, no such studies have been performed in veterinary medicine. (Dejgaard et al. 2018; 
Grabs et al. 2015) Heart rate and oxygen uptake have been shown to increase in a linear fashion 
during progressive incremental exercise until the heart rate deflection point is reached and then 
transitions to a curvilinear increase. (McGowan and Hampson 2007; Radin et al. 2015; Bodner 
and Rhodes 2012) The heart rate deflection point is correlated with the anaerobic or lactate 
threshold, which represents the transition from aerobic energy metabolism to anaerobic 





2015; Bodner and Rhodes 2012; Grazzi et al. 2005; Faude, Kindermann, and Meyer 2012) 
Lactate production will increase more quickly in unfit individuals compared to athletically fit. 
(West 2005c) Glucose concentration initially decreases during exercise as a result of its 
breakdown for the production of adenosine triphosphate (ATP) through aerobic metabolism.  
However, extended bouts of exercise ultimately lead to increased glucose concentrations. This is 
achieved through the initiation of anaerobic metabolism, the process by which lactic acid is 
produced and oxidized back into pyruvate, which can be taken up by the liver to produce glucose 
leading to a subsequent overall increase in blood glucose. (Gillette and Dale 2014; Millard 2014; 
McGowan and Hampson 2007) In summary, the relative intensity of exercise can be established 
by measuring a combination of heart rate, blood lactate and glucose concentrations, as well as 
maximal oxygen uptake. (McGowan and Hampson 2007; Radin et al. 2015; Bodner and Rhodes 
2012; Faude, Kindermann, and Meyer 2012; Grazzi et al. 2005; Millard 2014; Gillette and Dale 
2014; Jonckheer-Sheehy, Vinke, and Ortolani 2012; Essner et al. 2013) 
The above physiologic parameters have been used to devise a number of rating of 
perceived exertion (RPE) scales for use during exercise in humans, including the various OMNI 
Scales of Perceived Exertion, Borg scale, and the Children’s Effort Rating Table (CERT). (Utter 
et al. 2004, 2002; Williams, Eston, and Furlong 1994; Borg 1998a, 1998b) These exertion scales 
rely on an exercising individual to rate their own perceived exertion based on a combination of 
multiple factors including, but not limited to, emotional reactions, physical sensations, and 
behavioral  responses. (Borg 1998a, 1998b) The Borg RPE scale, specifically, allows for 
comparison of the RPE scores with physiological parameters such as heart rate and VO2. (Borg 
1998b) The Children’s OMNI-walk/run Scale of Perceived Exertion was developed to address 





especially under the age of 11 years old, to consistently ascribe numbers to words or phrases that 
describe their feelings regarding exercise, as well as their difficulty using verbal descriptors that 
are not a part of their existing vocabulary. (Utter et al., 2002) However, to date, no perceived 
exertion scales have been developed for use in veterinary medicine, making it more difficult for 
the observer to evaluate the relative exercise intensity of their exercising patient. A standardized 
approach to evaluating perceived exertion in exercising dogs can help improve monitoring and 
standard of care for patients undergoing physical rehabilitation therapy. This is especially useful 
for those monitoring rehabilitation exercises who may not be trained clinicians or rehabilitation 
specialists. A standardized exertion scale can also serve as a general guideline for monitoring 
exertion in dogs particularly when developing exercise, training and conditioning, or 
rehabilitation protocols, as well as be used as a teaching tool for veterinary students and 
technicians. 
 
2.3 Physical Rehabilitation and Therapeutic Exercise 
Therapeutic exercise is the most important component of physical rehabilitation therapy, 
and has been utilized extensively in both human and veterinary medicine for the treatment of a 
number of orthopedic and neurologic diseases, as well as in the enhancement of the training 
athlete. Therapeutic exercise places emphasis on proprioception, balancing, endurance, normal 
posture reeducation, muscle strengthening, and gait retraining with the goals of improving 
muscle mass and strength, pain-free range of motion, conditioning, and performance. (Millis, 
Drum, and Levine 2014b).  
Proprioception relies on input from mechanoreceptors located in the connective tissues of 





allow an individual to recognize where their limbs, head, and trunk are located in space as well 
as maintain appropriate posture. (Millis and Levine 2014; McCauley et al. 2013) Normal 
proprioceptive input is required in order to respond to potentially harmful stimuli and avoid 
injury. (McCauley et al. 2013) Neuromuscular control and proprioception are vital for 
maintaining dynamic joint stability, while proprioception, along with visual cues and the 
vestibular system are required for maintenance of appropriate posture. This means that any 
alterations to mechanoreceptor feedback will have deleterious effects on dynamic joint stability 
and posture. (McCauley et al. 2013) Potentially injurious stimuli are avoided through activation 
of cutaneous mechanoreceptors, which are responsible for initiating reflexes, such as the 
withdrawal reflex. Articular mechanoreceptors sense extreme joint movements, as they are only 
active during dynamic joint states, in order to prevent hyperextension and hyperflexion injuries. 
Mechanoreceptors within muscle also sense joint movement via muscle spindle receptors, and 
respond to that movement by activating the inverse myotactic reflex of the peripheral nervous 
system though stimulation of the Golgi tendon organ. The Golgi tendon organ is located at the 
musculotendinous junction, and serves to provide information regarding the amount of stretch 
present in the muscles. The inverse myotactic reflex occurs in response to contracted skeletal 
muscle, which causes the motor neurons in the contracted muscle to be inhibited, while the 
antagonist muscle fibers are stimulated to relax and lengthen regulating active stretching and 
preventing overstretching of the muscles. (McCauley et al. 2013) Proprioception exercises are 
important for both the rehabilitation patient and healthy dogs in order to prevent/minimize injury 
and improve joint stability and neuromuscular control. (McCauley et al. 2013) 
Balancing exercises, including both static and dynamic balance, focus on isometric 





maintain muscle strength, encourage early limb usage, and improve proprioception, which 
teaches rehabilitation patients that they are able to use the limb without pain. (McCauley et al. 
2013; Fossum 2013; Weigel and Millis 2014; Millis and Levine 2014) Static balancing refers to 
an individual’s ability to maintain balance while standing still, and maintenance of balance 
during body movement is referred to as dynamic balance. (Millis and Levine 2014) 
Strengthening exercises improve the speed and strength of muscle contractions, while 
endurance exercises improve the stamina of the musculoskeletal and cardiovascular systems. 
During strengthening exercises, hypertrophy of the musculature occurs with no improvement in 
the aerobic capacity of the muscle by performing a few repetitions at maximal or near-maximal 
contraction of the muscle. This is countered by endurance exercises, which provide an 
improvement in the aerobic capacity and efficiency of muscle contraction without a significant 
increase in muscle mass. This is achieved by performing multiple repetitions of muscle 
contractions without loading the muscle over an extended period of time. (Millis, Drum, and 
Levine 2014b) 
One of the more commonly utilized approaches to therapeutic exercise involves the use 
of land and aquatic treadmills. The use of treadmills provides a relatively easy system for 
performing and evaluating exercise in veterinary patients, as they can be utilized to assist with 
ambulation, improve endurance and muscle strength, gait retraining, balancing during 
ambulation, and conditioning. (Millis, Drum, and Levine 2014a, 2014b; Weigel and Millis 2014; 
McCauley et al. 2013) Treadmills provide an environment for controlled exercise, which allows 
the speed, length of exercise time, and angles of incline or decline to be precisely regulated. 
Rehabilitation patients may also be more willing to walk on a treadmill, since the treadmill belt 





individuals, as compared to walking on land. Increased weight bearing on an injured limb may 
also occur, as it has been shown that dogs walking on a land treadmill have an increased stride 
length, longer stance time, and decreased maximum joint flexion velocity as compared to 
walking over land. (Millis, Drum, and Levine 2014a; Weigel and Millis 2014) As an animal 
gains strength and stamina, treadmills allow for the speed and the length of exercise to be 
increased to further push the canine rehabilitation patient or athlete to reach optimal exercise 
capacity. Interval training can also be performed by increasing and decreasing the speed through 
an exercise session. (Millis, Drum, and Levine 2014a) 
Successful therapeutic exercise programs are ideally designed to be site- and condition-
specific, utilizing a combination of techniques to prevent boredom, which are performed on a 
regular basis to permit the animal to progress through the rehabilitation program as indicated. 
(Millis and Levine 2014; Zink, Zink, and Van Dyke 2013) During therapeutic exercise, it is 
important that a patient be monitored for signs of fatigue both during and after exercise, which 
include excessive panting, change in tongue appearance to a spade-like shape, change in gait 
with possible increased stumbling, dropped tail and/or ears, muscle fasciculations, refusal to 
proceed with exercise, and/or a stiff and sore gait upon recovery. (McCauley et al. 2013) If signs 






MATERIALS AND METHODS 
3.1 Objectives  
The purpose of this study was to develop a perceived exertion scale in dogs 
walking/running on a land treadmill using the following physiologic parameters: heart rate, 
respiratory rate, rectal temperature, blood lactate and glucose concentrations, and regional tissue 
oximetry. 
 
3.2 Animals  
Nineteen healthy, client-owned dogs were recruited for inclusion in this prospective 
clinical trial. A complete history including diet, lifestyle, and daily exercise was obtained. 
Complete physical examinations including neurologic and orthopedic examinations were 
performed prior to enrollment in the study. Four dogs were excluded due to neurologic deficits or 
orthopedic lameness or pain on examination for a total of 15 dogs that ultimately entered the 
study. This study was approved by the Institutional Animal Use and Care Committee at the 
University of Illinois and all owners signed an informed consent form.  
 
3.3 Trial design 
Each dog participated in two identical 55-minute exercise trials that were separated by a 
one-week recovery period. The dogs were fasted for 8-12 hours prior to participating in each of 
the exercise trials, though water was provided ad libitum. An acclimation period to the exercise 
environment was performed in all dogs prior to instrumentation and initiation of each exercise 





urine sample and blood samples collected via jugular venipuncture were obtained prior to each 
trial for evaluation of a canine health panel (complete blood count (CBC), serum biochemistry, 
total T4, and urinalysis) and venous blood gas. The dogs were then weighed. The craniomedial 
aspect of the right thigh over the sartorius muscle and bilateral 4cm x 6cm patches on the lateral 
thorax just caudal to the axillary region were clipped and wiped with 70% isopropyl alcohol. An 
18-gauge intravenous (IV) catheter was placed in the cephalic vein. Two electrocardiogram 
(ECG) lead electrodes (RedDot™, 3M™) were placed on the right thorax, and 1 electrode was 
placed on the left thorax (Figures 2 and 3). A KardiaMobile ECG electrode (KardiaMobile, 
AliveCor®) was secured to the left thorax just caudal to the Holter ECG electrode using a 2”-
wide piece of Tegaderm™ (3M™) (Figure 3). A Holter 3-lead monitor (LifeCard® CF Holter 
Monitor, Spacelabs Healthcare®) was attached to the ECG electrodes and secured to the thorax 
using 4” VetRap™ (3M™) and a neoprene vest (VEST for Remote Cardiac Monitoring, 
DogLeggs®, LLC), Holter device case, and an additional stabilization strap (Figures 4 and 5). 
The self-adhesive near-infrared spectroscopy (NIRS) sensor (SenSmart™ Model X-100 
Universal Oximetry System, NONIN® Medical, Inc) was secured to the craniomedial aspect of 
the right thigh over the Sartorius muscle (Figure 6). Baseline heart rate, respiratory rate, 
temperature, and cutaneous oximetry readings were obtained. Each dog was fitted with a safety 
harness, then guided onto the land treadmill (Large Jog a Dog model DC6, Jog a Dog®, LLC), 
and acclimated to the treadmill for 1 to 5 minutes (Figure 7). Each exercise trial, consisting of six 
5-minute interval stages performed on a 0 degree incline treadmill (Table 1), was performed until 
completion or until level 4 of the PES was reached, whichever occurred sooner, followed by a 
20-minute recovery period. The perceived exertion was recorded every 2 minutes during the 





PES exertion parameters shown in Table 2. Additional PES scores were recorded by two 
veterinarians, a rehabilitation therapy volunteer, and a veterinary student who viewed the video 
recordings for repeatability. Once the exercise trial started, heart rate was recorded as beats per 
minute (bpm) every 2 minutes during exercise using the KardiaMobile App for iPhone 
(KardiaMobile, AliveCor®) and continuously via the Holter monitor. Heart rate was manually 
calculated using the information from the Holter monitor after completion of the study. Each trial 
was also recorded using two simultaneously recording orthogonal cameras and software 
(Avigilon Control Center™ 5 HD Cameras and Software, Avigilon™).  Manual temperature, 
respiratory rate recorded as breaths per minute (brpm), heart rate, and additional blood samples 
were obtained at 20-minutes of exercise, immediately on completion of exercise, and after a 20-
minute recovery period. Three milliliters of blood were obtained from the IV catheter at these 
times for evaluation of venous blood gas, including lactate and glucose (Table 1). Data collection 
at 20-minutes of exercise took approximately 5 minutes to complete.  
 
3.4 Statistics 
The sample size (n=12) for this study was determined using the following a priori 
information to calculate a 30% difference in heart rate: alpha = 0.05, sigma = 18.0, and power = 
0.8. Standard laboratory practice recognizes inter-individual variability in various results. Usual 
reference ranges were based on arithmetic mean 2 standard deviations. A minimum of 12 
animals was estimated to demonstrate a correlation between obtained samples and the exertion 
scale. Using the estimate of 12 based on a priori calculations, and 10% increase for unsuitability 
(giving 14 per reviewer), and an attrition rate of ~50% for the second trial, 19 dogs were 





appropriate data for endpoints considered jointly, i.e., within dog correlations of the various 
variables as opposed to means for a group of animals. Also, a larger sample size than the 
minimum estimate (n=12) was required because some endpoints are less well-regulated than 
heart rate, and therefore have a larger variance. 
Physiologic parameters: The statistical distributions of each physiologic parameter were 
determined by fitting the data to a library of distributions (PROC UNIVARIATE) (SAS version 
9.4, SAS Institute Inc.). Each physiologic parameter was analyzed separately using the SAS 9.4 
GLIMMIX procedure, which fits statistical models to data with correlations or non-constant 
variability and where the response was not necessarily normally distributed.  
These generalized linear mixed models (GLMM), like linear mixed models, assume 
normal (Gaussian) random effects. Conditional on these random effects, data can have any 
distribution in the exponential family. Where necessary to achieve Gaussian random effects, 
transformations were carried out using the built-in distribution (link) and inverse distribution 
(ilink) functions, or transformed in a separate step otherwise. The model had fixed factors 
(replicate, time in minutes for heart rate, and stage) and a random factor (dog). A multivariate 
index, akin to one for environmental quality assessment reported by Schaeffer and Janardan 
(1977), was developed using discriminant analysis (SAS 9.4 STEPDISC and DISCRIM) to 
express the combined physiologic data.  
To test the assumption that physiologic measurements changed with PES, each dog’s 
time 0 value was subtracted from subsequent values for that dog and least trimmed squares 
(LTS) regression was then used to obtain outlier-free linear regression estimates. The 
equivalence of both the covariance and the correlation matrices for trial 1 against trial 2 were 





Inter-observer agreement and correlation of the perceived and physiologic scales: The 
Kruskal-Wallis test was used to test for inter-observer agreement (StatXact 9, Cytel Inc., 
Cambridge, MA). P-values for all pairwise combinations of observers were adjusted using the 
Conover-Inman (C-I) and the Dwass-Steel-Chritchlow-Fligner (DCFS) tests.  
For the purpose of objective comparisons between distributions of PES and HR scores for 
each combination of observers, we used the SAS program for the overlapping coefficient (OVL) 
published by Martens et al. (2007).  For two groups (k = 2), OVL corresponds to the null 
distribution (1 = 2) of a paired t-test, and for k > 2 groups, OVL is the null distribution of 

























Fifteen adult dogs, including mixed breed dogs (n =10), Doberman pinscher (n =1), 
Labradoodle (n = 2), American Pit Bull Terrier (n = 1), and Labrador retriever (n = 1), met the 
inclusion criteria. The mean body weight was 25.9  1.15 kg. The median age was 4.6 years 
(range 1.1 to 7.9 years). The median body condition score (BCS) was 5/9 (range 5 to 6). Thirteen 
dogs completed both trials. Two dogs only completed trial 1, though the data obtained was 
included in the analyses. The NIRS sensor was unable to record any data for one dog, and 
another dog developed diarrhea during the exercise trial, which had to be stopped. 
 
4.2 Clinical Findings  
The initial acclimation period was recorded for each dog and averaged 69.7  4.67 
minutes for trial 1 and 67.08  6.09 minutes for trial 2. The means  SD or medians and ranges 
for each of the physiologic parameters are outlined in Tables 3 and 4. The leads for the Holter 
monitor did not stay in place for one dog during trial 1, which resulted in an unreadable Holter 
recording, so these results were excluded from statistical analysis. However, consistent 
KardiaMobile readings were obtained. Additionally, the NIRS sensor did not continuously read 
for 4 dogs in trial 1 and 2 dogs in trial 2, though intermittent readings were obtained for these 
dogs during each trial when possible.  
Spearman correlations for both trials are outlined in Table 5. In both trials, positive 





<0.0001), manual heart rate (r = 0.64, p <0.0001), respiratory rate (r = 0.27, p = 0.019), and 
temperature (r = 0.29, p = 0.014). Holter heart rate was positively correlated with PES scores 
from all observers for both trials (p <0.001 for all) (Table 5). The mean PES score recorded by 
each observer was 2 out of 4 for both trials.  
For Trial 1, the outlier-free regression of PES with glucose was glucose (g/dL) = -2.581 – 
2.112 PES (r2 = 0.179, F(1,45) = 9.787, p = 0.003). That is, glucose decreased 2.1 g/dL for each 
incremental increase on the PES scale. For Trial 2 cutaneous oximetry, rSO2 (%) = 79.118 – 
0.924 PES (r2 = 0.059, F(1,171) = 10.639, p = 0.001). In Trial 2, baseline-adjusted rSO2 decreased 
92% for each incremental increase on the PES scale. For Trial 2 respiratory rate (breaths/min), 
RR = 20.640 + 32.600 PES (r2 = 0.114, F(1,48) = 6.205, p = 0.016). Baseline-adjusted respiratory 
rate increased by 32.6 breaths/min for each incremental increase on the PES scale. The 
relationship of PES and temperature (F) in Trial 2 was F = 0.153 + 0.273 PES (r2 = 0.215, 
(F(1,45) = 12.305, p = 0.001). The adjusted temperature increased by 0.27 F for each incremental 
increase on the PES scale. 
 
4.3 Observer/Method Agreement 
For all possible pairwise comparisons of PES scores for both trials combined, the 
Kruskal-Wallis test and repeated measures ANOVA were significant (p < 0.001).  In both 
analyses, most tests between STUDENT and another observer were significant. The overlap of 
distributions for pairs of PES groups is shown in Table 6 for all dogs, times, and trials. Overlap 
ranged from 92.3% for DVM2 versus TECH down to 64.2% for DVM1 versus STUDENT. 
No significant differences were noted between Holter, KardiaMobile, and manual heart 





and manual heart rates were 96 bpm, and Holter heart rate was 106 bpm with an OVL of 76%. In 
both trials, the means of the logarithms of heart rates for manual differed from KardiaMobile and 
Holter. Overlap of the distributions of the logarithms of heart rate value in trial 1 were: 
KardiaMobile/Holter = 87%, KardiaMobile/Manual = 75%, Holter/Manual = 65%. In trial 2, 

























The goal of this study was to develop a perceived exertion scale for dogs exercising on a 
land treadmill by evaluating a variety of physiologic parameters during exercise, and how they 
related to a subjective exertion score. Using multiple parameters and observers, the investigators 
were able to compare normal physiologic responses during exercise to a subjective exertion 
scale, while also demonstrating both intra- and inter-observer repeatability.  
Physical rehabilitation has increasingly become a mainstay of overall management of 
veterinary patients with a variety of neurologic and orthopedic diseases. The PES used in this 
study was derived from the Children’s OMNI-walk/run Scale of Perceived Exertion (Utter et al. 
2002), as modifications to adult RPE scales, such as the use of pictures, are necessary for 
children to better understand and communicate their feelings of exertion. Similar considerations 
are necessary in the development of a perceived exertion scale for use in veterinary medicine, as 
animals are unable to verbally communicate their feelings of exertion.  With this caveat in mind, 
the PES developed in the present study was designed for use by an external observer assigning 
the PES scores, as opposed to human RPE scales where the individual exercising assigns their 
own score for their perceived exertion. (Utter et al. 2004, 2002; Williams, Eston, and Furlong 
1994; Borg 1998a, 1998b) 
Significant correlations between the PES scores and the selected objective physiologic 
measures were noted across a range of exercise intensities during both walking and trotting, 
which suggests that the scale may measure intensity. In this study, respiratory rate and body 
temperature increased with incremental increases in the PES, which has been demonstrated in 





Gillette and Dale, 2014; McCutcheon and Geor, 2010; McGowan and Hampson, 2007; Millard, 
2014; Piccione et al., 2012; Rathore et al., 2011; Steiss et al., 2004) Positive correlations were 
noted between Holter heart rate and PES. Positive correlations were also noted between Holter 
heart rate and respiratory rate, and between Holter heart rate and temperature, which suggests 
that when combined these parameters may be indicators of exercise intensity as previously 
established. (Bodner and Rhodes, 2012; Essner et al., 2013; Faude et al., 2012; Gillette and Dale, 
2014; Jonckheer-Sheehy et al., 2012; McGowan and Hampson, 2007; Millard, 2014; Radin et al., 
2015) Lactate was not shown to be correlated with heart rate in this study, but was directly 
correlated with increasing respiratory rate and temperature. This lack of demonstrable correlation 
with heart rate may be due to a failure to reach the heart rate deflection point, which is the 
conversion from predominately aerobic to predominately anaerobic exercise and the production 
of lactate. (Bodner and Rhodes, 2012; Faude et al., 2012; Grazzi et al., 2005; Radin et al., 2015) 
A decrease in blood glucose concentration was noted for each incremental increase in PES, 
which is consistent with previous studies evaluating the effects of exercise on blood glucose 
concentrations. (Gillette and Dale, 2014; McGowan and Hampson, 2007; Millard, 2014)  
An increasing linear association between PES and the exercise intervals was also noted, 
which further demonstrated evidence of correlation of intensity. Correlations between the 
physiologic parameters and the PES suggests that the scale developed may be appropriate for use 
in dogs exercising at mild to moderate intensity. Using the treadmill speeds in the present study, 
the average PES score achieved was 2, which means dogs were not exercised to exhaustion and 
maximal effort was likely not achieved. Additional studies are necessary to ensure that dogs 
reach their maximal PES score by either starting at a faster treadmill speed, advancing to a 





would allow for further evaluation of its correlation with physiological parameters during higher 
intensity exercise. 
 In this study, an inverse correlation was present between near-infrared spectroscopy 
(NIRS) and increasing exercise intensity. This is consistent with previous studies, which 
demonstrated a negative correlation between tissue oxygen saturation during exercise and peak 
oxygen uptake, as oxygen uptake is the gold standard for measuring exercise intensity. (Kime et 
al. 2016; Utter et al. 2004, 2002; McGowan and Hampson 2007; Millard 2014) 
 The gold standard for monitoring heart rhythm and rate in exercising dogs is through the 
use of continuous ECG measurement, such as with a Holter monitor. (Essner et al., 2013; 
Jonckheer-Sheehy et al., 2012) Unfortunately, Holter monitors do not provide real time 
measurement of heart rate, therefore other methods for monitoring heart rate, such as the 
KardiaMobile and manual heart rates were also employed. To our knowledge, this is the first 
study utilizing the KardiaMobile in exercising dogs. The KardiaMobile device allowed the 
investigators to measure real time heart rates in dogs exercising on a land treadmill without 
having to stop the treadmill to obtain the heart rates. The manual heart rate was utilized in order 
to objectively determine if the KardiaMobile heart rates obtained were consistent with the real 
time heart rates during the times the treadmill was stopped. Based on our results, there were no 
significant differences between the three heart rate methods, which means that additional studies 
may not require the use of manual heart rate, and the KardiaMobile device may allow for 
minimally invasive real time evaluation of heart rate in exercising dogs.  
To limit variability in the determination of the PES scores, only a single CCRP certified 
veterinary technician assigned PES scores during the live trials. The rest of the observers 





confounded their ability to fully evaluate the dogs during each exercise trial. However, this was 
likely not a significant issue since there was no inter-observer variability noted, except between 
the student and the more experienced observers. The student tended to assign higher PES scores, 
which may have been due to the student observer not accounting for baseline levels of 
anxiousness and stress when determining subsequent PES scores.  
Many dogs in a hospital setting become anxious and stressed, which can have an effect 
on various physiologic parameters such as heart rate, respiratory rate, body temperature, and 
blood pressure. (Bragg et al. 2015) Due to this elevated level of excitement in the hospital, it is 
important that observers take into account the resting respiratory rate, heart rate, body 
temperature, and basal level of anxiousness when determining the baseline PES score, as over-
excitement or anxiousness can falsely increase the perceived exertion of an animal at rest, as well 
as subsequent scores. 
 All the dogs in this study were healthy, young to middle-aged dogs with no known 
orthopedic or neurologic disease. Most patients undergoing physical rehabilitation have either 
some form of orthopedic disease, neurologic disease, suffer from obesity, or a combination of 
any or all conditions. Additional studies are warranted to further evaluate this scale in these 
patient populations.  
Limitations of this study include missing sampling data for the Holter heart rate calculations 
and cutaneous oximetry for some dogs, which may have affected the statistical results. Failure of 
the cutaneous oximetry sensor to read occurred most frequently in dogs with shorter and smaller 
legs. This may have been mitigated by using a smaller, pediatric sensor, which could reduce 
interference from surrounding structures such as the femoral artery and vein. However, to 





this study. The use of a face mask to measure maximal oxygen uptake (VO2max) during exercise 
would have been ideal; however, such masks previously described in experimental studies would 
have significantly impacted their ability to exercise, requiring extended training and acclimation 
time.(Cao et al., 1993; Carlin et al., 1988) More frequent blood sampling would have also been 
preferred, however additional sampling would have required the exercise trials to be stopped 
more frequently resulting in less accurate results for sustained exercise. We therefore targeted the 
major time points when significant changes in bloodwork occurred in prior studies.(Ferasin and 
Marcora, 2009; Musch et al., 1985; Piccione et al., 2012; Rathore et al., 2011) Despite using an 
appropriate number of dogs based on a priori estimates, larger numbers of dogs and exercising 
dogs to maximal exertion would allow for better determination of trends and increase the ability 



















The present study allows us to conclude: 
 Correlations between the selected physiologic parameters and the perceived exertion 
scale suggest that the scale developed may be appropriate for use in dogs exercising at 
mild to moderate intensity. 
 The perceived exertion scale used in this study is both consistent and repeatable for use in 
monitoring healthy dogs exercising on a land treadmill at mild to moderate exercise 
intensity.  
 The perceived exertion scale can be utilized by individuals with varying degrees of 
experience with little inter-observer variability when monitoring healthy dogs exercising 
on a land treadmill at mild to moderate intensity. 
 The perceived exertion scale can be applied to dogs with various levels of anxiousness or 
stress, as long as baseline temperament is taken into account prior to beginning the 
exercise program.  
In the future, additional studies are necessary to expand the current scale for use in dogs 
exercising at a higher intensity, as the speeds and length of exercise used in this study likely did 
not allow dogs to reach maximal exercise intensity. The dogs in this study were also healthy, and 
many veterinary patients undergoing rehabilitation therapy have some degree of orthopedic or 
neurologic disease, which means additional studies are warranted to determine if the present 
perceived exertion scale is appropriate for use in those populations of animals. Finally, additional 






FIGURES AND TABLES 
Figure 1: Oxygen Dissociation Curve 
 
Adapted from Langley R and Cunningham S (2017) How Should Oxygen Supplementation Be 






































































































Table 1: Exercise trial intervals 
 
 
*Blood and data collection time points: 3 mls of blood collected from IV catheter; manual 













Stage Length of time Speed 
*Prior to exercise 
1 – warm up 5 min 2 mph 
2 5 min 2.5 mph 
3 5 min 3 mph 
4 5 min 3.5 mph 
*After 20 min of exercise 
5 5 min 4 mph 
6 – cool down 5 min 2 mph 
*Immediately on completion of exercise 
Recovery 20 min 0 mph 






Table 2: Perceived exertion scale while walking/running derived from the Children’s OMNI Scale 






No effort noted – no signs of exertion, panting(increased or change in 
panting)**, agitation, or abnormal gait 
1 
Comfortable – may be showing early signs of exertion, very early panting**, 
no to minimal agitation, no change in gait 
2 
Light effort – moderate signs of exertion, panting consistently but not 
labored breathing, mild agitation, no change in gait 
3 
Moderate effort – obvious signs of exertion, panting hard, mild labored 
breathing, moderate agitation, moving slow or reluctant 
4 
Significant effort – obvious signs of exertion, panting very hard, moderate 
labored breathing, moderate agitation, occasional stumbling <35% 
 
**There was an acclimation period prior to the start of the study however some dogs pant in new 

















































Holter HR (beats/min) 100 (54 to 146) 137 (80 to 194) 114 (74 to 154) 92 (43 to 141) 
Kardia HR (beats/min) 95 (58 to 132) 99 (75 to 123) 97 (57.5 to 136.5) 89.5 (50.5 to 128.5) 
Manual HR (beats/min) 94 (53 to 135) 112 (80 to 144) 88 (52 to 124) 84 (51 to 117) 
rSO2 (%) 78.5 +/-7.12 78 +/- 5.26 81.1 +/-6.6 83.3 +/- 8.76 
Rectal Temp (oC) 38.5 +/- 0.47 38.8 +/- 0.43 38.9 +/- 0.54 38.6 +/- 0.38 
Lactate (mg/dL) 0.9 (0.5 to1.3) 0.9 (0.3 to 1.5) 0.95 (0.4 to 1.5) 1.2 (0.65 to 1.75) 































Holter HR (beats/min) 86 (43 to 129) 134 (95 to 173) 114 (78 to 150) 84 (31 to 137) 
Kardia HR (beats/min) 82 (38.5 to 125.5) 98 (61.5 to 134.5) 102 (63 to 141) 90.5 (60 to 121) 
Manual HR (beats/min) 92 (53 to 131) 98 (65 to 131) 90 (55 to 125) 84 (51 to 117) 
rSO2 (%) 82.85 +/- 6.12 78.38 +/- 4.77 80.77 +/- 5.89 85.25 +/- 4.73 
Rectal Temp (oC) 38.44 +/- 0.32 38.61 +/- 0.34 38.66 +/- 0.31 38.61 +/- 0.29 
Lactate (mg/dL) 0.9 (0.7 to 1.1) 1.0 (0.6 to 1.4) 1.0 (0.5 to 1.5) 1.2 (0.75 to 1.65) 

























* = p<0.05, N = number of observations 
PES: Perceived Exertion Scale, Stud: Student, Vol: Volunteer, HR: Heart rate, rSO2: cutaneous oximetry, RR: Respiratory Rate, 


















rSO2 RR Temp Glu Lact 
  N 72 72 72 72 66 31 72 72 71 72 72 72 72 
HR 
Kardia 
72 1 . . . . . . . . . . . . 
HR 
Holter 
72 0.70* 1 . . . . . . . . . . . 
HR 
Manual 
72 0.67* 0.64* 1 . . . . . . . . . . 
PES 
Tech 
72 0.25* 0.68* 0.26* 1 . . . . . . . . . 
PES 
DVM1 
66 0.19 0.55* 0.23 0.78* 1 . . . . . . . . 
PES 
DVM2 
31 0.12 0.59* 0.16 0.90* 0.64* 1 . . . . . . . 
PES 
Stud 
72 0.29* 0.64* 0.38* 0.69* 0.57* 0.87* 1 . . . . . . 
PES 
Vol 
72 0.23* 0.70* 0.27* 0.93* 0.73* 0.85* 0.73* 1 . . . . . 
rSO2 71 0.27* 0.11 0.19 -0.26* -0.11 -0.10 -0.11 -0.20 1 . . . . 
RR 72 0.26* 0.27* 0.40* 0.34* 0.23 0.31 0.54* 0.39* -0.10 1 . . . 
Temp 72 0.39* 0.29* 0.37* 0.21 0.25* 0.25 0.33* 0.30* 0.12 0.57* 1 . . 
Glu 72 0.42* 0.23 0.39* -0.17 -0.18 -0.16 -0.14 -0.14 0.34* -0.27* 0.14 1 . 
























PES COMPARISON OVERLAP 
DVM2, VOLUNTEER 92.3% 
DVM1, TECH 91.9% 
DVM2, TECH 91.3% 
TECH, VOLUNTEER 90.4% 
DVM1, DVM2 84.5% 
DVM1, VOLUNTEER 83.1% 
STUDENT, DVM2 72.2% 
STUDENT, VOLUNTEER 70.1% 
STUDENT, TECH 69.9% 
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